Objective To assess the progress made towards meeting the goals of the African Regional Strategic Plan of the Expanded Programme on Immunization between 2001 and 2005. Methods We reviewed data from national infant immunization programmes in the 46 countries of WHO's African Region, reviewed the literature and analysed existing data sources. We carried out face-to-face and telephone interviews with relevant staff members at regional and subregional levels. Findings The African Region fell short of the target for 80% of countries to achieve at least 80% immunization coverage by 2005. However, diphtheria-tetanus-pertussis-3 coverage increased by 15%, from 54% in 2000 to 69% in 2004. As a result, we estimate that the number of nonimmunized children declined from 1. 
Introduction
Every year more than 10 million children in low-and middle-income countries die before they reach their fifth birthdays. Most die because they do not access effective interventions that would combat common and preventable childhood illnesses. 1 Infant immunization is considered essential for improving infant and child survival. Although global immunization coverage has increased during the past decade to levels of around 78% for diphtheria-tetanus-pertussis-3 (DTP-3), 2 WHO's African Region has consistently fallen behind, reaching only 69% DTP-3 coverage by 2004 (Fig. 1) .
In response to challenges in global immunization, WHO and the United Nations Children's Fund (UNICEF) set up the Global Immunization Vision and Strategy (GIVS) in 2003. 3 The chief goal of GIVS is to reduce illness and death 4 formed the basis for of the first EPI Regional Strategic Plan (2001) (2002) (2003) (2004) (2005) . 5 This plan set five key objectives to be met by 2005: circulation of wild polio virus to be interrupted in all countries; maternal and neonatal tetanus to be eliminated in all high-risk districts;
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• • hepatitis B vaccine to be introduced into all countries, yellow fever vaccines to be introduced in all countries at risk, and Haemophilus influenza type b vaccine to be introduced in at least half of the countries offering hepatitis B vaccine; measles to be controlled in all epidemiological blocks and eliminated in southern Africa; and 80% of the countries of the African Region to have reached at least 80% DTP-3 coverage in all districts.
This paper explores the progress made on these objectives.
Methods
We We carried out a literature review of official documents produced by ministries of health, WHO, UNICEF and nongovernmental organizations that related to immunization. WHO staff members subsequently were questioned about their programme areas. We carried out structured interviews with WHO staff members and partners at regional, country and intercountry levels, and conducted face-to-face and telephone interviews with subregional teams.
We then analysed the data collected in light of the 25 separate immunization goals and five key objectives of the EPI Regional Strategic Plan. We compared the data and information gathered through the interviews and literature review with these strategic goals in order to determine whether the key objectives had been met; 2000 was considered the baseline year for measurement of performance.
Finally, we collated all routine immunization coverage estimates from the WHO/UNICEF Joint Reporting Forms submitted annually by each country. These reports outline the country's official estimates of vaccination coverage, which are derived in most cases from administrative data collected during vaccination sessions. Coverage was estimated by clustering countries with similar target disease control dynamics weighted by population. One strategy WHO used to improve coverage was to divide countries within the African Region into five epidemiological blocks. The first block, the "Big Four", includes Angola, the Democratic Republic of Congo, Ethiopia and Nigeria. These four countries incorporate 40% of the African Region's population. The region is further divided into the central block (seven countries), eastern block (six countries), western block (16 countries) and southern block (13 countries).
Findings
In Table 1 (available at: http://www.who. int/bulletin) we summarize the progress made towards achieving the strategic goals. We found that although more infants had been immunized by 2005, most of the targets had been missed by at least half of the region's countries. We identified eleven target areas, the findings from which are outlined below. 
Routine immunization
Between 2000 and 2004, the African Region made progress in increasing routine immunization coverage ( 6 This strategy involves prioritizing low-performing districts by strengthening five important immunization functions at the district level. These functions are planning and management of resources; capacitybuilding through training and supportive supervision; sustainable outreach; links between communities and health facilities; and active monitoring and use of data for decision-making. A recent assessment carried out in five of these early implementation countries shows significant improvements in DTP-3 coverage. 7 Other strategies included implementing an ambitious capacity-building programme to improve the management and vaccine logistics of national immunization programmes; integrating routine immunization functions alongside polio and measles activities; building on new vaccine introduction to update routine immunization skills and systems; and streamlining communication and social mobilization activities.
Although a relatively small amount of regional funding is available for routine immunization programmes, resources available to control polio and measles and to introduce new vaccines have been used to support their critical functions. GAVI Alliance (formerly known as the Global Alliance for Vaccines and Immunisation) funding for immunization services became available to many countries after 2001 and has contributed to the positive trend in routine coverage. 
Polio eradication
The Polio Eradication Initiative faced a global crisis between 2001 and 2005, when a resurgence of polio cases occurred across Africa and Asia following the cessation of immunization activities in Nigeria. 9 Nigeria became a major exporter of wild polio virus to many countries, threatening the gains that had so painstakingly been achieved. However, in 2004 WHO brokered an alliance between the government and religious leaders that led to resumed immunization activities in the country's northern area. This was followed by increased investment in the purchasing of vaccines, national immunization days and improved surveillance across countries in the African Region. Although there has been extraordinary progress, it is not yet known when the wild polio virus will be eliminated from the African Region ( (Fig. 3 ).
Another successful strategy for measles mortality reduction and control has been to use catch-up and follow-up immunization campaigns. Between 2001 and 2004, country-wide measles catchup campaigns targeting children aged between 9 months and 14 years were completed in 26 countries and follow-up campaigns in five countries. These strategies resulted in the immunization of 127 million children. During 2005, five additional countries planned to conduct catch-up campaigns, and nine planned to conduct follow-up campaigns targeting children aged between 9 months and 5 years. By the end of 2005, the projected number of children vaccinated as a result of these campaigns was over 200 million. Coverage above 90% was achieved in most campaigns, and has in most of these countries resulted in a dramatic decrease in measles incidence.
Between 2000 and 2003, 82.1 million children were targeted for vaccination during initial campaigns in 12 African countries and follow-up campaigns in seven countries. 11 The average decline in the number of reported measles cases was 91%. In 17 of the 19 countries, measles case-based surveillance confirmed that transmission of measles virus and measles deaths were reduced to low rates. The estimated number of deaths averted in the year 2003 was 90 000. Between 2000 and 2003, there was a 20% decline in annual African Region measles deaths.
11
Measles campaigns proved to be an important vehicle for the integrated delivery of other essential child health services, including insecticide-treated bednets, oral polio vaccine, vitamin A supplementation and treatment for parasitic infections. Throughout 2004, successful integrated bednet and measles campaigns were carried out in Ghana, Togo and Zambia. Measles outbreaks, some large (for example, 2946 cases in 
Communication
Effective communication and social mobilization involve a variety of tasks, such as advocacy campaigns among political, traditional and religious leaders, as well as creating community demand for services and encouraging the community to use services. Almost every diseasecontrol initiative we reviewed required increased advocacy of some sort, as well as counselling of family members and sustained community involvement. Many countries that we reviewed had successful communication campaigns because they received support from WHO and UNICEF country offices and a range of local organizations. We found that only a small number of staff members were dedicated to communicationrelated issues and that this limited their effectiveness. Since the introduction of the Reaching Every District initiative, however, resources for communication and social mobilization have increased at district and community levels. unprecedented regional interest and support for improving surveillance. The quality of regional surveillance for acute flaccid paralysis improved steadily between 2001 and 2005, with a consistent increase in the number of countries attaining and sustaining the two key performance indicator targets. The first indicator is the annual reporting rate; the target set for 2005 was for countries to achieve a reporting rate of non-polio acute flaccid paralysis of at least 1 case per 100 000 among children younger than 15 years old. The second indicator relates to the completeness of specimen collection; the target set for 2005 was to ensure that two adequate stool specimens were collected from at least 80% of children with acute flaccid paralysis. In 2000, only five countries had achieved both these minimum targets; by July 2005, 35 countries had achieved them. In 2004, 38 countries carrying out acute flaccid paralysis surveillance had achieved surveillance rates greater than 1 case per 100 000, and the regional rate was 3 per 100 000. This improvement was largely a result of increased recruitment of surveillance officers to undertake active case-finding. By July 2005, case-based measles surveillance and laboratory confirmation had been initiated in 26 countries. Routine monitoring showed that the quality of measles surveillance improved steadily between 2002 and 2004 (Table 5, available at: http://www.who.int/bulletin). In 2004, the annual reported rate of suspected measles cases confirmed with serum specimens was 3.6 per 100 000 population, well above the recommended level of 1 per 100 000.
Surveillance and laboratories
For diseases such as maternal and neonatal tetanus and yellow fever, significant surveillance gaps remain in most countries. Case-based yellow fever surveillance has been implemented but performance remains poor throughout the region. However, newly created surveillance networks offer opportunities to better understand the health burden of particular diseases, and to monitor the impact of new vaccines for Haemophilus influenzae type b, rotavirus and pneumococcal pneumonia.
We found that laboratories initially dedicated to surveillance of acute flaccid paralysis also took on other surveillance roles between 2001 and 2005. Expanding on the polio laboratory network, a network of measles and yellow fever laboratories was established in 29 countries by July 2005. Training was undertaken and laboratories received accreditation if they met required standards. These laboratories all had initiated testing for measles by 2005, and all had the capacity to confirm and test measles-negative cases for rubella. These laboratories may be able to test for other diseases in the future. By 2005, these laboratories' capacity was expanded to enable outbreak investigations for measles and meningitis. Significant progress was also made in implementing integrated disease surveillance and response.
Lost emphasis on target diseases
Funded activities for two other target diseases, yellow fever and maternal/ neonatal tetanus, in many cases did not receive much-needed in-country attention. Unprecedented financing from donors such as UNICEF occurred between 2001 and 2005 for these diseases. National programmes, however, were focused on the vaccination of diseases considered to be essential, and governments received less donor pressure to vaccinate for yellow fever and tetanus. In addition, there was a worldwide shortage of vaccines for these two diseases. As a result, only half the regional surveillance objectives were achieved for maternal and neonatal tetanus, and tetanus elimination goals were not met. Only 15 (32.5%) of 46 countries achieved a neonatal tetanus incidence rate of less than 1 case per 1000 live births. Only one country achieved coverage of 80% among pregnant women in every district for two or more doses of tetanus toxoid vaccine (TT2+); TT2+ coverage of 50-79% in every district was reported by only three of 46 countries. The remaining 42 countries reported TT2+ coverage of less than 50% in every district.
Despite impressive additional support from the Children's Vaccine Initiative and the GAVI Alliance, yellow fever goals were not met by 2005. Only 22 of 31 at-risk countries had incorporated yellow fever vaccination into their national immunization programmes by the end of 2004, and only four had achieved 80% vaccine coverage by 2004. Surveillance of the disease was also poor, and targets for district-level reporting of suspected cases were not met. Many atrisk countries did not prioritize yellow fever control or were unable to afford the vaccine. Renewed GAVI Alliance support is expected to improve vaccine availability.
Vitamin A
While vitamin A deficiency remains a health issue in 44 of 46 African Region countries, the integration of programme delivery with immunization services dramatically improved the situation between 2001 and 2005. Prior to 1998, distribution had been limited to nutritional and maternal and child health clinics. Subsequently, vitamin A began to be administered through routine and supplementary immunization activities in an increasing number of countries. 12 We found that by 2005, only 22 of the 44 at-risk countries had established a policy for integrating vitamin A supplementation with vaccine delivery; 12 of the 22 countries reported the integration of vitamin A distribution with routine immunization services. Between 2000 and 2004, 36 countries in the region reported administering vitamin A during polio campaigns or subnational measles immunization days.
New vaccine introduction
The region's disease burden of hepatitis B virus infection is considered to be moderate to high. With support from the GAVI Alliance, substantial progress has been made in introducing new and under-used vaccines since 2000, including hepatitis B (HepB) vaccine. However, the key objective of the EPI Regional Strategic Plan 2001-2005 to introduce HepB vaccination programmes in every country was not achieved. In 2000, the vaccine's introduction was limited to Botswana, Gambia, Mauritius, Seychelles, South Africa, Swaziland and Zimbabwe. The reasons for delayed introduction included high vaccine cost, weak infrastructure and low financing priority among donors. By 2005, 28 (61%) countries had reported using the HepB vaccine (Table 6 , available at: http://www.who.int/bulletin). Coverage ranged from 8% in Nigeria to 100% in Sao Tome, indicating a highly variable degree of implementation. However, most countries that introduced the HepB vaccine had achieved coverage of 60% or higher. Of 28 countries that introduced the vaccine, 17 achieved coverage levels equal to DTP-3 coverage, largely because a combination diphtheria-tetanuspertussis-HepB vaccine was used.
WHO estimates that between 100 000 and 160 000 children die each year from Haemophilous influenzae type b (Hib) infection in Africa, which remains by far the highest rate in the world. The annual incidence of this infection ranges from 25 to 60 cases per 100 000 among children younger than 5 years old. 13 
This outcome fell short of the regional objective to introduce Hib vaccination into the programmes of half of the African Region countries. We highlight coverage levels in Table 7 (available at: http://www.who.int/bulletin).
Financial sustainability and waste disposal
The huge increase in spending on immunization and the related improvements in programme performance can be tracked predominantly to donor funding increases, as 38 of 46 countries in the African Region established line items for immunization in their national budgets, 12 countries bought all of their own vaccines and 19 countries that received support from the GAVI Alliance developed financial sustainability plans. Unfortunately, more than a third of the countries that established budget line items did not fund them, and most of the countries with financial plans did not use them to the degree expected. The GAVI Alliance is now developing comprehensive multi-year plans that must be both costed and incorporated into national budgets.
Lastly, we found that countries have not yet paid sufficient attention to the proper disposal of used injection equipment. With the advent of the injectionbased measles campaigns, as oppose to the oral vaccines used in the polio campaigns, this has become an important issue. We found that 41 countries distributed safety boxes for the collection of used syringes and 33 countries reported using some kind of incineration. However, most of the incinerators are single-chamber burners that burn at low temperatures. Many countries adopted the method of open burning of syringes, although environmentalists consider this practice unacceptable.
Conclusions
Immunization coverage is improving dramatically in the African Region. The huge increases in spending on immunization and the related improvements in programme performance are linked predominantly to increased donor funding. The African Region has witnessed unprecedented successes in its immunization campaigns, in developing surveillance infrastructure, and in its ability to purchase vaccines through external support. Campaigns have enabled phenomenal advances in the control of polio and measles. However, polio's resurgence in Nigeria underlines the need for eradication to be pursued rapidly to ensure that the huge investments made to date are not lost. Failure to achieve this goal will harm immunization programmes across the continent.
Although the analysis of the data presented in our review is accurate, there is less certainty about the validity of the data that we analysed. Some of the analysis of coverage and disease incidence trends was carried out with data submitted by countries through the WHO/UNICEF Joint Reporting Form and was not independently validated or cross-checked. The absolute numbers of deaths averted, infants immunized or cases reported are therefore subject to under-or over-reporting. However, we consider the overall trends more reliable and these consistently point towards dramatic performance improvements by the majority of African Region countries. Although regional surveillance infrastructure has definitely improved tremendously, doubts remain about the quality of data generated. An assessment of the accuracy or validity of official coverage rates was not part of this review.
The official country estimates have several limitations. Although the quality and completeness of the administrative data used to calculate these estimates have improved in recent years, no countries reported on 100% of their districts in any given year. In 2004, for example, Liberia and Nigeria both failed to report on 30% or more of their districts. In addition, although coverage estimates derived from administrative data are considered to reflect trends in immunization coverage, they are often higher or lower than the actual coverage rates. A recent study of official DTP-3 coverage rates in 45 countries, which included countries in Africa, found higher DTP-3 coverage levels being reported than those reported from household coverage surveys. 15 The size of the difference increased with higher levels of reported coverage. As a result, there are several countries in Africa in which official coverage estimates are considered to be low because populations have been overestimated. Although this may mean that the regional goals are less likely to be reached, reporting problems have been present in all years and we therefore consider trends in coverage over time to be valid.
The GAVI Alliance and the Millennium Development Goals have established ambitious objectives for strengthening national immunization programmes during 2006-2015, providing a road map for the African Region to follow. Although the region has made progress in recent years, there is still much to be done to achieve these new goals. The gains documented in our review show substantial progress, yet these achievements are modest, despite massive investment. The cost of immunization has increased and will continue to increase with the addition of new and more expensive vaccines and technologies, and funding is not yet secured for the coming years.
During the past 5 years the GAVI Alliance, the Polio Eradication Initiative, the Measles Partnership and others have increased resources available for immunization; however, the ways in which countries access and use donor support have changed. The changing donor environment highlights fundamental differences between donors in the way they interact with countries and with each other. There is a real danger that donors with different agendas could bias the immunization agenda, resulting in national health ministries diverting their attention away from their mandate. In addition, coverage rates could fall if donor fatigue again sets in, as it did in the 1990s. Acquiring long-term funding, from both government sources and external partners, will be crucial in improving immunization coverage. In Table 8 we outline the key issues and future priorities for the African Region during the next 5 years.
Although campaigns have greatly contributed to increased immunization coverage, lasting success will depend on development of robust routine services. The African Region is beginning the transition to a time without polio eradication funds, and creative thinking is urgently needed to maintain the gains previously made. Efforts are needed to build strong and sustainable routine immunization services and improve surveillance capacity before polio-focused resources are withdrawn. Measles control in Africa has the potential to be the successor to polio eradication, and holds the promise of continuing as a major primary health-care intervention and as a magnet for external investment in the coming decade. We hope this initiative will galvanize partner support for immunization and be an important vehicle for other public health initiatives.
Improvements in routine immunization have not kept up with regional advances in other areas of immunization. Many countries in which coverage remains below 50% put initiatives such as polio eradication and measles control at risk. Considerable work is needed to consolidate past gains and effectively address pockets of low vaccination coverage. The Reaching Every District initiative shows potential for invigorating routine services, particularly outreach activities. However, low routine coverage is particularly alarming in the countries like Nigeria where 25% of sub-Saharan Africa's children reside. Here, low routine coverage and the implementation of polio national immunization days have failed to interrupt polio transmission. Other countries where recent outbreaks have occurred may also require extra attention to ensure that routine services are not neglected. The Measles Partnership has agreed to set aside up to 10% of its funding in each country to increase routine measles vaccination and, where appropriate, to help countries introduce a second dose of measles vaccination within the routine programme.
National programmes need to maintain and improve routine immunization services, yet new vaccines and new technologies are waiting to be introduced. Can both be done effectively? Will governments take ownership of running and financing routine services? Instead of being pressured to accept a new vaccine, or being encouraged to introduce a new vaccine because it is politically expedient, countries must base their decisions and applications for new vaccines on solid epidemiological data and on evidence that supports the cost-effectiveness of any new approach. Encouragingly, post-introduction assessments carried out to date in six countries show that the introduction of new vaccines does not cause disruption, but instead stimulates improvements in routine services. 8 The WHO African Region is at a crucial point in immunization history. Routine coverage Raise coverage to uniformly high levels, particularly in the Big Four countries.
Surveillance
Integrate and expand surveillance for other vaccinepreventable diseases in conjunction with existing surveillance programmes for acute flaccid paralysis. Work towards incorporating all surveillance programmes into one system.
Polio eradication Meet targets to eliminate polio, focusing particularly on Nigeria. Transfer the skills and resources developed through the polio programme to other control programmes.
Measles control Ensure that measles control is at the centre of immunization programmes in the next 10 years.
Vitamin A supplementation Fully integrate vitamin A distribution with immunization services and focus on reaching wider age groups through new strategies: for example, pre-school programmes.
Immunization strategies Test strategies that could raise routine coverage and expand these campaigns to improve coverage.
Waste disposal Find better solutions for the disposal of injection equipment. These solutions must be environmentally acceptable, practical and low-cost.
Staff
Incorporate polio staff into the regular work force before their funding dries up.
New vaccines Take advantage of new funds to support the introduction of new vaccines and new technologies.
We have already begun to see considerable improvements, and in the next decade we anticipate further progress. We must aim for higher vaccination coverage rates, fewer deaths and cases of vaccinepreventable diseases, a wider range of age groups targeted for immunization and the introduction of new vaccines and new technologies. Immunization donors and regional governments have been instrumental in initiating change, yet continued donor support will be needed if greater improvements are to be made. The enthusiasm, expertise and resources mobilized through the Polio Eradication Initiative, the Measles Partnership, the GAVI Alliance and other initiatives have transformed the immunization scene in Africa, but a more robust and long-term approach to funding is needed to sustain these improvements. O 
Resumen

Measles control/elimination
Countries with low immunization coverage (< 50%) and high mortality (case fatality rate > 4%) to reduce measles morbidity by 90% and measles mortality by 95% in comparison with pre-vaccine figures None of the four identified countries (Côte d'Ivoire, Gabon, Liberia, Nigeria) achieved this objective Countries with moderate measles routine coverage (50-75%) and low/medium mortality to reach and maintain near-zero measles mortality
Data not available
Countries with high routine measles coverage (> 75%) and low mortality to eliminate indigenous transmission of measles virus
Seven countries eliminated indigenous transmission of measles virus
Maternal and neonatal tetanus
Introduction of injection technologies
All countries to adopt auto-disable-syringes and/or equally safe injection technologies for all immunization injections 14 countries using auto-disable syringes exclusively; 18 countries using them for some immunizations To improve the quality of data on routine coverage using simple administrative and reliable assessment methods 
Improved
Laboratory systems
Eastern block
An increase in coverage of 26% was noted across all countries in this block (from 63% to 89%), and four of six countries achieved DTP-3 coverage of 80% or more by the end of 2004. Eritrea reported the lowest DTP-3 coverage (68%) in 2004, and the United Republic of Tanzania reported the highest (95%).
Western block
Three of the 16 countries had civil unrest, making the delivery of routine immunization services difficult in certain areas. Six countries achieved DTP-3 coverage of 80% or more in 2004. Coverage varied dramatically across the countries in this block, ranging from 93% in the Gambia to 31% in Liberia. Countries showing the greatest improvements in coverage were Burkina Faso, Guinea Bissau, Mali, Mauritania, Niger, Senegal and Sierra Leone. All of these countries achieved increases in coverage of more than 30% between 2000 and 2004.
Southern block
Performance by the countries in this block was relatively high in 2001 (75%). All but two countries showed improvements in their DTP-3 coverage. Madagascar, the country with the lowest DTP-3 coverage in the block at the start of the period (40%), reported 87% coverage by 2003. Unfortunately, coverage fell to 75% in 2004.
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